Introduction: Body mass index (BMI) is an index that measures height for weight, which is commonly used to categorize underweight, overweight, and obese individuals. Deviation from normal weight results from an imbalance between caloric consumption and energy expenditure. Childhood obesity and childhood dental caries are coincidental in many populations, probably due to common confounding risk factors, such as intake frequency, cariogenic diet, and poor oral hygiene. So the aim of the present study was to assess the BMI status and to corelate between dental caries and BMI among the Anganwadi children of Belgaum city, Karnataka, India.
INTRODUCTION
Dental caries is considered to be the most prevalent infectious disease which affects mankind. Although the prevalence of dental caries has declined in the past several decades, it continues to be a significant public health problem among children worldwide. 1 Dietary habits, i.e., when and how the beverage and food is consumed, can modify this risk with frequent consumption of sugars thought to increase risk. 2 The proportion of world's population affected by dental caries increased dramatically once refined carbohydrates became available to developed and developing nations.
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and gender-specific differences into account. 4 Deviation from normal weight results from an imbalance between caloric consumption and energy expenditure. It is known that the nutritional status has an effect on dental caries. Both underweight/malnutrition and overweight/obesity have significant adverse implications for health. 5 Overweight and obese children are at increased risk for developing psychosocial and medical problems compared with children with normal weight. Perhaps even more importantly, obesity in the school years is an important independent risk factor for adult obesity. Childhood obesity and childhood dental caries are coincidental in many populations, probably due to common confounding risk factors, such as intake frequency, cariogenic diet, and poor oral hygiene. 1 Although theoretically overweight and obesity can be associated with dental caries, the documentation of such associations is sparse and seemingly inconsistent. Malnutrition refers to the syndrome of inadequate intakes of protein, energy, and micronutrients, combined with frequent infections. 6 Notably malnutrition (wasting or stunting) is associated with enhanced susceptibility to caries because of impaired saliva secretion due to salivary glandular hypofunction and saliva compositional changes. The consequences of all these can be prevented if these conditions can be identified early in life.
Larsson et al 7 reported that dental caries correlates positively with BMI in 15-year-old living in northern Sweden whereas Chen et al 8 found no association with obesity in Taiwanese 3-year-old and Tuomi 9 reports that obesity alone is not a good predictor for caries in Finnish 5 to 13-year-old. Thus further studies are needed to evaluate the impact of age (such as growth phase) and other study population characteristics (such as general nutrition status) on a possible association between overweight, malnutrition, and dental caries. The purpose of the present study was to assess the BMI status and to corelate between dental caries and BMI among the Anganwadi children.
MATERIALS AND METHODS
This study was a cross-sectional experimental study to assess the BMI status and to corelate it with dental caries among the Anganwadi children of two villages in Belgaum district, Karnataka. Both villages, Muttaga and Sulebhavi of Belgaum taluk in Belgaum district, were of similar sociodemographic profile. All the Anganwadi children in both villages were included in the study. After taking permission from the district and local authorities to conduct the survey, a total of 433 children from 20 Anganwadis were measured for BMI and dental caries status. Body mass index was calculated using the formula weight in kilograms (kg) divided by height in meter square (m 2 ). For 2 to 20-year-old, BMI is combined with age and gender and expressed as a percentile. The BMI percentile for age and sex were plotted on the growth chart developed by Centre for Disease Control (CDC) 2000 standards. 10 According to these curve, children are classified into four weight groups. 1. "Underweight" is defined as BMI for age less than 5th percentile. 2. "Normal" is defined as BMI for age greater than or equal to 5th percentile and less than 85th percentile. 3. "At risk for overweight" is defined as BMI for age greater than or equal to 85th percentile and less than 95th percentile. 4. "Overweight" is defined as BMI for age greater than or equal to 95th percentile. For assessment of weight and height, weighing machines and height scales were used and for dental caries, decayed and filled teeth (dft) index was recorded. Project material (including study protocol and questionnaire) was sent to the ethical committee of the KLE Vishwanath Katti Institute of Dental Sciences, Belgaum for approval and permission was obtained.
The caries experience (dft index) was recorded using plane dental mirrors and dental explorers. For examination, the subject was made to sit in front of the examiner in a well-ventilated room and examination was carried out under natural lighting conditions.
In each child height was measured to the nearest full centimeter and body weight was measured to the nearest 0.1 kg by using a standard height scale and a weighing machine respectively. During these measurements which were performed in the class room of the Anganwadis, the children wore light clothing but no shoes. General information about their name, age, sex, etc., was gained from a questionnaire in which the class teachers helped to complete it. A single trained and calibrated examiner performed the comprehensive clinical examination with the assistance of one recorder. Only the children whose parents had signed an informed consent form were included.
The data collected from the study were subjected to statistical analysis using Student's t-test, analysis of variance (ANOVA), and post hoc test with the help of Statistical Package for the Social Sciences (SPSS) version 18.0. Karl Pearson's correlation coefficient test was used to test associations between BMI categories and dental caries status. A p-value of < 0.05 was considered statistically significant.
RESULTS
The BMI percentile of 433 children who were examined comprised 218 boys (mean age = 2.8 years) and 215 girls (mean age = 2.6 years). The mean BMI percentile was 15.21 with standard deviation 2.15. The proportion of subjects in CDC weight categories was: 5% underweight, 79% normal, 9% under the risk for overweight, and 6% overweight (does not total 100% due to rounding).
The mean dft and standard deviation were 1.66 and 2.62 respectively. An overview of the mean dft scores and standard deviation for each groups was summarized in Table 1 . When the pairwise comparison of four categories of BMI with dft scores was done by t-test, it was found that the correlations between underweight and risk for overweight children (p-value = 0.002), normal and risk for overweight children (p-value = 0.015), and risk for overweight and overweight children were statistically significant (p-value = 0.037). The comparison categories of BMI with respect to the dft scores were illustrated in Graph 1.
The comparison categories of BMI with respect to dft by one-way ANOVA test were found to be statistically significant (f-value = 2.900, p-value = 0.0347). The correlation between BMI scores with dft scores by using Karl Pearson's correlation coefficient was found to be statistically significant (correlation coefficient = -0.1402, p-value = 0.0035). The results were shown in Graph 2.
DISCUSSION
Body weight of a population can be viewed as a continuum from underweight/malnutrition to overweight/ obesity. Most of the children in the study had normal BMI; however, 5% were underweight, 6% overweight, and 9% were under the risk for overweight. The observation is consistent with other studies related to childhood BMI. Although the mechanisms are not clear, caries coexisted with the risk of being underweight/overweight in these studies. Marshall et al 2 suggested that neither "obesity increases risk of caries" nor "caries increase risk of obesity", but rather a common risk factor increased the likelihood of both diseases. Dietary factors and socioeconomic status (SES) were hypothesized to be common risk factors that potentially link obesity, malnutrition, and dental caries.
Another finding in the present study was that the underweight children had the highest mean decay score of 2.55. Underweight/malnutrition (wasting or stunting) is associated with enhanced susceptibility to caries because of impaired saliva secretion due to salivary glandular hypofunction and saliva compositional changes. Also poor eating habits in early childhood, especially during tooth development, can impair tooth mineralization and increase the risk of caries.
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When comparison of BMI categories with dft scores was done, children with overweight/obese or underweight/malnourished children had higher dft compared to children with that of normal weight. Similar findings were previously reported by Sharma and Hegde. 3 However, our study is a cross-sectional study and cannot identify risk factors. So the results of the statistical tests should be carefully interpreted: Only associations and risk indicators of caries experience can be shown from 
Graph 1:
Comparison categories of BMI with respect to dft scores using one-way ANOVA test (f-value = 2.9002, p-value = 0.0347*, *p < 0.05, significant at 5% level)
Graph 2:
Relationship between dft and BMI scores of study subjects (Correlation coefficient = -0.1402, p-value = 0.0035*; *p < 0.05, significant at 5% level) the present analysis. Indeed, caries may occur simultaneously with high sugar consumption and obesity. But after a sugar-free diet or after having switched to low consumption of sweet food, BMI can return to a normal level, although dft score remains high. Similarly, low dft scores can be found associated with high BMI values, depending on the period in which the subjects are examined. This particularly occurs among children, because their growth and weight are changing fast, so overweight could be present in a short period. After having performed a systematic review of obesity and dental caries, Kantovitz et al 1 concluded that few studies had high levels of evidence, and only one study with high level of evidence showed direct association between obesity and dental caries. Another aspect of obesity and overweight comes from the increased intake of dietary fats. In this case, overconsumption of fatty food has less influence on caries development than sugary diet. This could play a role in the lack of association between obesity and caries presence.
Measuring the link between weight and pediatric dental health has always been controversial. A recent study in Germany 12 among elementary school children showed a positive correlation between weight and dental caries in both deciduous and mixed dentitions. Other studies, however, have not found any association. 1, 13, 14 Some studies show that children with low BMI may be at risk of caries development. 15, 16 The hypothesized nature of protective effect of the weight on dental caries experience in the primary dentition is still uncertain, as many other factors which influence this relationship have not been considered. Although a formal socioeconomic assessment was not performed in the study subjects, the known characteristics of the study region and an appropriate geographic localization of our samples provided homogeneity to the group. In spite of the fact that the results of this study do not agree on a very strong association between obesity, malnutrition, and dental caries, a longitudinal research in future should include dietary aspects, oral hygiene compliance, SES, and other confounding factors.
CONCLUSION
A significant association was found between children with normal BMI and those who were underweight, overweight, and under the risk for overweight. Children with overweight/obese or underweight/malnourished children had higher dft compared to children with normal weight.
It is important that dental professionals be exposed to the epidemiology of BMI of children, as many of these children will need noteworthy oral care modifications for safe care provision. As obesity and malnutrition results in many health-related problems, dental health parameters association seems probable, but not very much supported by the present evidence. Even if a relationship between weight and dental health in children is unclear, our obligation as health care professionals is to find innovative methods which bring profound change in our child patients. The BMI estimation should be included in the standard case history taking of any child patient, as it can help in screening for potential health problems of the growing child. The impact of weight in total health should also be given emphasis in curricula for dental students. Exploring the role of the dentist in this gives an excellent horizon for future clinical practice and research.
